The semiconductor industry is characterized by rapid change and ever-increasing competition. To sustain the competitiveness and survive in such an environment, semiconductor companies must improve their performance continuously. Financial performance is an important indicator to represent the operation performance of each organization. The strength and weakness of financial performance can not only show the performance of the company operations, but also indicate its growth and potential competitiveness in the future. Financial ratio is a composite of various attributes, and there are some degrees of interdependence between those attributes. Therefore, a non-additive model is proposed for evaluating the financial performance of semiconductor industry. By combining fuzzy integral with order weight average (OWA) method, an integrated model considering inter-dependent attributes of financial performance is proposed in this paper for semiconductor industry. First, factor analysis (FA) is applied to extract some independent common factors based on the attributes of financial performance. Second, the OWA is used to determine the relative weights of each independent common factor. Third, the fuzzy integral is applied to integrate the performance ratings of attributes with respect to each common factor. In case verification, we practically collected the finance ratio data of semiconductor industry in 2008 from open information market in Taiwan. The evaluation results can provide the valuable information of investment decision for managers and stockholders.
INTRODUCTION
Today, the competitive environment of semiconductor industry has heightened the need for methods to evaluate the risks and returns for each company in semiconductor industry. Recently, financial performance has been widely used to represent as an indicator for the management performance of each company (Ravi et al., 2008; Wang, 2008; Bowlin, 1999; Kung and Wen, 2007; Bao, 2009; Lin, 2009; Lin et al., 2005; Niemann et al., 2008; Sohn et al., 2007; Wang and Huang, 2010; Lin et al., 2010;  *Corresponding author. E-mail: ctchen@nuu.edu.tw. Tel: 886-37-381833. Robert and Chen, 2009) . The performance of a company is usually reflected by various financial ratios from its financial statements in a period, such as the balance sheet, the income statement and the trading account. These ratios provide useful information to the stakeholders of the company, and reflect the company performance from various perspectives.
Financial ratios have played an important role in evaluating the performance and financial condition of an organization. However, there are a vast amount of financial ratios that can be used to make a performance comparison. It would be inefficient to take all financial ratios into consideration for evaluation process. It is an important to select the suitable rations for evaluation the performance of each company. Therefore, in order to avoid repeating the evaluation process on similar financial ratios, we should partition the financial ratios into different clusters. After partitioning the rations, the characteristics of the financial ratios will be more similar in the same cluster. And then, we can select a representative indicator in each cluster as the evaluation criterion. For this reason, the evaluation criteria depend highly on the clustering method. Most of studies have attempted to use statistical methods to partition the financial ratios such as cluster analysis (Wang, 2008) , discriminate analysis (Gestel et al., 2006) , factor analysis (Emin et al., 2007) and principal component analysis (Ravi et al., 2008) . Therefore, it is able to apply the multiple attribute decision making (MADM) method to deal with the evaluation of financial performance.
MADM (Ramanathan and Ganesh, 1994) refers to making choice of the best alternative from among a finite set of decision alternatives in terms of multiple usually conflicting attributes. The attributes play a very significant role in the process of decision making. Therefore, how to determine the attributes is very crucial to MADM. Several methods have been proposed for solving related problems, but a major problem of MADM is that different techniques may yield different results for the same problem. Therefore, how to make trade-off between these conflicting attributes and then make a decision could pose a difficult problem. There are several common methodologies for MADM, such as simple additive weighting (SAW) (Andrasiu et al., 1986) , the technique for order preference by similarity to ideal solution (TOPSIS) (Hwang and Yoon, 1981) , analytical hierarchy process (AHP) (Saaty, 1980) , data envelopment analysis (DEA) (Sinuany et al., 2000) and so on. However, there is no guarantee that these two different kinds of preference relations can lead to the same estimate of the relative weights of attributes. Sometimes, the two estimates may be highly conflicting. Kung and Wen (2007) used six financial indicators to classify twenty items of financial ratios as research variables through the globalization grey relational analysis (GRA). The significant financial ratio variables and other financial indicators were collected to evaluate the financial performance of venture capital enterprises in Taiwan. They applied grey decision-making (GDM) to arrange the total performances of the venture capital enterprises. Wang (2008) utilize the grey relation analysis to find representative indicators from financial ratios and apply fuzzy TOPSIS method to evaluate financial performance of airlines. Generally, the performance ratings and weights of criteria are known precisely in TOPSIS. As the ratings and weights are on uncertain environment or expressed in several periods, TOPSIS still solve the fuzzy multiple criteria decision making (FMCDM) problems, whereas the ratings and weights will be transferred into crisp values and some messages are lost. To avoid losing these messages, TOPSIS should be Emel (2010) applied rough-AHP and fuzzy TOPSIS to evaluating performance of the four Turkish aviation firms are selected and we determined the total process in cooperation with the corporation to evaluate their performance indicators and their weights in total score. In rough-AHP, the qualitative judgment can be quantified to make more intuitionistic comparisons and reduce or eliminate assessment bias in pairwise comparison process.
For evaluating the alternatives of multi-criteria problems, different attribute weights have an important role in the decision-making process. The AHP (Saaty, 1980) can deal with the conflict between the criteria, comprehensive assessment of the decision problem, and provide a suggestion to decision maker. However, AHP is often criticized for dealing with uncertainty or ambiguity problem, as well as the huge number of pairwise criteria. The traditional TOPSIS (Hwang and Yoon, 1981) is only suitable for decision making under certain multi-criteria, which requires the decision-making criteria and the attribute entropy of the programs be certain. The SAW (Andrasiu et al., 1986) in each alternative is thereby calculated by averaging the score of each alternative with respect to every attribute with the corresponding importance weighting. A critical issue of this approach is the correct choice of the weights. These must be assigned by the decision maker or a decision committee and are often very subjective measures. In spite of its simplicity, the SAW method has some problems: no interaction among the attributes is admitted, so the preferential independence axiom is required.
To improve the above drawbacks, fuzzy integral and ordered weight average (OWA) method are applied to evaluate financial performance of semiconductor industry in this paper. First, twenty items of financial ratios will be classified into six financial indicators of semiconductor industry as research variables by using the factor analysis (FA). Secondly, the fuzzy integral is applied to integrate the performance ratings of inter-dependent attributes with respect to each factor. Third, the ordered weight average is applied to calculate the weight of each indicator and the aggregated value of each company with different parameters.
RELATED WORKS
Here, literature related to the following: triangular fuzzy number, fuzzy measure and choquet integral and ordered weighted averaging operators are briefly reviewed.
Triangular fuzzy number
Fuzzy set theory was originally introduced by Zadeh (1965) . A fuzzy number is a fuzzy subset in the universe of discourse X that is both convex and normal (Kaufmann and Gupta, 1991) . A triangular fuzzy number a % can be defined by a triplet
Its membership function is shown in Figure 1 and the equation is shown as:
Fuzzy measure
The concept of fuzzy measure was originally introduced by Sugeno (1974) in the early 1970's in order to extend the classical (probability) measure through relaxation of the additive property.
Let X be a non-empty finite set and Ω be a Boolean algebra defined on X. A fuzzy measure, g, is a set function g:
on Ω , which satisfies the following properties:
(1) Boundary conditions:
) is said to be a fuzzy measure space.
This definition of a fuzzy measure differs from that of a probability measure only in terms of the monotonic property. Because additive is a special case of monotonic, the probability measure is a special case of a fuzzy measure.
Choquet integral
Let ( X , Ω , g ) be a fuzzy measure space with
be a measurable function. Assume without loss of generality that
. The Choquet integral (1953) of h with respect to the fuzzy measure g is defined by:
An interesting property of the Choquet fuzzy integral is that if g is a probability measure, the fuzzy integral is equivalent to the classical Lebesgue integral and simply computes the expectation of h with respect to g in the usual probability framework. The fuzzy integral is a form of averaging operator in the sense that the value of a fuzzy integral is between the minimum and maximum values of the h function to be integrated. A number of commonly used aggregation operators are special cases of the fuzzy integral, for example, the min and max operators, the weighted sum and the ordered weighted average. Using an appropriate fuzzy measure, the weights represent not only the importance of individual information sources but also the interactions (redundancy and synergy) among any subset of the sources.
Ordered weighted averaging operators (OWA)
The OWA operator provides a parameterized family of aggregation operators that have been used in many applications. An OWA operator of n dimension is a mapping
, which has an associated weighting vector The concept of OWA operators was first introduced by Yager (1988) . It provided a unified framework for decision making under uncertainty, where different aggregation methods of decision criteria such as maximax (optimistic), maximin (pessimistic), equally likely (laplace) and Hurwicz criteria are characterized by different OWA operator weights. ,..., , 2 1 are equally used, and can be interpreted as the entropy of the weight distribution. The orness, which lies in the unit interval [0, 1], measures the degree, to which the aggregation is like an or operation, and can be viewed as a measure of the optimism level of a decision maker (DM).
To apply an OWA operator for DM, a key issue is to determine its weights. A number of methods have been suggested in the literature for determining the weights of OWA operators, including: (1) maximum entropy method (2) minimum variance method (3) minimax disparity approach. This paper use the minimum variance method proposed by Fuller and Majlender (2003) , which minimizes the variance of OWA operator weights under a given level of orness and requires the solution of the following mathematical programming model:
The OWA operator weights determined by the above models have the following characteristics (Wang et al., 2007) :
(1 We now present a numerical example to illustrate the computation process of the approach. Let n be 3 and be 0.7, we can obtain the following equation as:
THE PROPOSED METHOD
According to past references, numerous clustering methods have been developed to deal with different data sets (Aliguliyev, 2009; Yang et al., 2007; Garai and Chaudhuri, 2004; Marina and Guy, 2009 ). In general, handling with high dimensional data by using clustering techniques obviously is a difficult task in terms of higher number of variables involved. In order to the noisy and outlier data efficient may be removed and minimize the execution time, we have to reduce the number of variables in the original data set. Thus, we choose the FA method to reduce the dimension of original data set.
In this paper, we use fuzzy integral and OWA method to evaluate financial performance in semiconductor industry. This section briefly introduces the proposed procedure for evaluation financial performance in semiconductor industry. A flowchart of the proposed procedure is shown in Figure 2 . The detailed algorithm of the proposed method is introduced. It consists of seven steps and illustration as follows.
Step 1: Data preprocessing and attributes selection
The major tasks in data preprocessing include (i) remove missing values, (ii) smooth noisy data, (iii) remove outliers, and (iv) resolve inconsistent field (Han and Kamber, 2006) . In order to improve the accuracy of forecasting, selecting core attributes is important step and attribute selection is to discover a subset of attributes that are relevant for the task of target data mining (Marcel and Armo, 1994) .
Step 2: Factor analysis Extract common factors from finance ratio variables by using factor analysis method.
Stage 2.1. Initial solution: Kaiser-Meyer-Olkin (KMO) and Bartlett's tests of sphericity (BTS) are applied to the studied variables in order to validate if the remaining variables are factorable. The KMO value should be greater than 0.5 for a satisfactory factor analysis. The BTS should show that the correlation matrix is not an identity matrix by giving a significance value smaller than 0.05. Stage 2.3. Rotating the factors: Sometimes one or more variables may load about the same on more than one factor, the interpretation of the factors is always ambiguous. Thus, factors need to be rotated in order to clarify the relationship between the variables and the factors. This study use factor rotation varimax method.
Stage 2.4. Naming the factors: Results are then derived by analyzing the absolute factor loadings more than 0.5 or communality more than 0.5 of each variable.
Step 3: Set each finance ratio variables order weight average (OWA) weight According to total variance explanation percentages of the components-rotated shows that high correlations turned into maximum values while low correlations turned into minimum values. The ranking showed that factor 1 had the strongest effect in explaining the financial state of a company, and factor N had the weakest effect. We denoted the weight of factor 1 as 1 OWA (weight highest), factor 2 as 2 OWA (weight second) and so on.
Step 4: Performance evaluation by combining fuzzy integral with order weight average (OWA) method Step
5: Evaluation and recommendation
Finally, the ranking order of semiconductor industry can be determined in accordance with the fuzzy integral value of each company.
EMPIRICAL STUDY
To describe the evaluation work of financial performance clearly, we illustrate an empirical study of semiconductor industry in Taiwan. Financial data were collected from the Open Source Information Retrieval Systems in Taiwan. Financial statement from 57 (from yahoo website) publicly listed companies for related semiconductor industry in 2008.
Step 1: Data preprocessing and attributes selection
We practically collect semiconductor industry data with 60 records of Open Source Information Retrieval Systems dataset with financial ratio from January 1, 2008 to December 31, 2008 in Taiwan. We remove 3 incomplete records from the original records. Therefore, the final sample is 57 records.
Stage 2.1. Initial solution: the KMO value is 0.535 (shown as Table 1 ). Therefore, it is a satisfactory factor analysis result.
Stage 2.2. Extracting the factors: the eigenvalue of the factor is extracted from the correlation matrix based on the initial solution and the result is shown in Figure 3 .
Stage 2.3. Rotating the factors and naming the factors: the factor rotation varimax method is used to rotating the factors. The refresh names are given to each factor by considering the factor loadings shown in Table 2 . The hierarchical structure of performance evaluation can be shown in Figure 4 .
Step 3: Set each finance ratio variables order weight average (OWA) weight. Step 4: Performance evaluation Using fuzzy integral and OWA method, the performance Table 4 .
Step 5: Evaluation and recommendation
According to the result of 
Conclusion
Today, the competitive environment of semiconductor industry has heightened the need for method to evaluate the risks and returns. Therefore, we utilized the factor analysis to find the representative indicators from financial ratios and applied fuzzy integral and OWA method to evaluate the financial performance of semiconductor companies in Taiwan. Then, we illustrate an empirical study about the financial performance evaluation of semiconductor industry in Taiwan. On the evaluation procedure, the OWA operator is used to computed the weight of each indicator and compute the aggregated value with different situation parameters α .
Because, past literatures never use the fuzzy integral and OWA method to solve the evaluation problems, the proposed method is a new approach in this study. No. α α α α =0.5 α α α α =0.6 α α α α =0.7 α α α α =0.8 α α α α =0.9 α α α α =1 Coverage rate (%)
Financial ratios can select from balance sheet, income statement and cash flow in financial market. Selected result for the financial ratios will affect the assessment correct. The attribution selection method has been providing to select the suitable ratios in this study. In the future, we will consider the other attribution selection method to refine the proposed approach. 
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